Purpose. To measure the angular relationship between the Neviaser portal and the superior glenoid labrum in 60 cadaveric specimens to determine whether this portal can be used for reliable anchor placement. Methods. The Neviaser portal of 30 left and 30 right unpaired dry cadaveric scapulae with clavicles were measured by a single observer using an analogue vernier caliper. The angular relationship between the Neviaser portal and the 12 o'clock position of the glenoid labrum was calculated. Results. 13 of the 60 scapulae were excluded from analysis, because the Neviaser portal was medial to the glenoid rim making safe anchor insertion unfeasible. For the remaining 47 scapulae, the mean angles α and β were 58.2º and 57.9º, respectively. Compared with the ideal angles α and β of 30º and 0º, respectively, all the 47 Neviaser portals were more posterior (relative to the 12 o'clock position) and closer to the transverse plane, making insertion of suture anchors in the optimum position unfeasible, except for one that was within 10º of the ideal angles in both planes. Conclusion. Reliable insertion of suture anchors at the 12 o'clock position of the glenoid labrum through the Neviaser portal is unfeasible in most patients.
introduction
Arthroscopic anchors are widely used in the treatment of superior glenoid labral pathology. 1, 2 The relatively narrow shape of the glenoid in cross section indicates that optimum performance of such anchors relies on accurate insertion. At the inferior glenoid, a deviation in insertion angle by as little as 20º can significantly decrease fixation strength. 3 For optimum bone purchase of the superior glenoid, the suture anchor should ideally be inserted at 30º relative to the glenoid articular surface in a plane that is perpendicular to and bisects vertically the articular surface at the 12 o'clock position. 4 This relies on adequate access from instrument portals. The anterosuperolateral portal and Port of Wilmington have been used for the insertion of suture anchors in the superior glenoid, 5 but we have difficulties in satisfactory and reproducible placement of anchors using these portals.
The Neviaser portal is a superior medial portal at the convergence of the clavicle, acromioclavicular joint, and the scapular spine. 6 It is determined by the bony anatomy of the scapula, and therefore its spatial relationship with the 12 o'clock position of the glenoid labrum is fixed. It is used for passage of sutures in the repair of the superior labral anterior posterior (SLAP) tears. 7 It may also be a portal for superior glenoid anchor insertion. This study measured the angular relationship between the Neviaser portal and the superior glenoid labrum in 60 cadaveric specimens to determine whether this portal can be used for reliable anchor placement.
Materials and Methods
The Neviaser portal of 30 left and 30 right unpaired dry cadaveric scapulae with clavicles was measured by a single observer using an analogue vernier caliper. The portal was the most posterior part of the clavicular articular facet on the acromion (Fig. 1a ). Angles α and β are 2 of the angular relationships between the Neviaser portal and the 12 o'clock position. Angle α is between the glenoid articular surface and the Neviaser portal in the coronal plane. Angle β is between a line perpendicular to the short axis of the glenoid articular surface and the Neviaser portal in the transverse plane (Fig. 1b ). The principles of 3D trilateration were used to calculate angles α and β. Three points of a triangle were marked on the glenoid rim; the distances (in mm) between the vertices of triangle ABC (AB, BC, and AC) were measured, as were the distances between the Neviaser portal (point R) and A, B, and C (AR, BR, and CR). These 6 measurements were used to calculate the spatial coordinates (X i , Y i , Z i ) of the 3 vertices of triangle ABC. Assuming that all points were on the same plane XY (i.e. the glenoid articular surface), the coordinates were 0, 0, 0 for the vertex A; X 1 , Y 1 , 0 for the vertex B; and X 2 , Y 2 , 0 for the vertex C ( Fig. 1c ).
To calculate the coordinates of the Neviaser portal (point R) [X R , Y R , and Z R ], the following equations were used:
Angle C=acos((BC 2 +CA 2 -AB 2 )/(2×BC×CA)); h=-CA*sin(angle C);
where R 1 was the vecor AR, R 2 was the vector BR, and R 3 was the vector CR.
Equations were solved using the 'solve' of Matlab (Mathworks, Natick [MA], USA).
The angles α and β were:
13 of the 60 scapulae were excluded from analysis, because the Neviaser portal was medial to the glenoid rim making safe anchor insertion unfeasible. For the remaining 47 scapulae, the mean±standard deviation (SD) angles α and β were 58.2º±12.1º and 57.9º±15.9º, respectively. Compared with the ideal angles α and β of 30º and 0º, respectively, 4 all the 47 Neviaser portals were more posterior (relative to the 12 o'clock position) and closer to the transverse plane (Fig. 2) , making insertion of suture anchors in the optimum The Neviaser portal for superior glenoid anchor insertion 303 position unfeasible, except for one that was within 10º of the ideal angles in both planes. To calculate the intra-observer error, measurements were repeated for 3 random scapulae. Each of the 6 vectors (AB, BC, CA, AR, BR, and CR) was measured 6 times in a random sequence to give a total of 108 measurements. The SD of each vector and scapula was computed; the mean of the SD (n=18) was 0.4886 mm. 1000 estimations of the angles α and β were simulated for each of the 47 scapulae with adding of a random error to the original measurement (i.e. mean±SD, 0±0.4886 mm). The mean of the estimated SDs of the 47 scapulae for α and β was 4.4º and 8.8º, respectively.
discussion
The Neviaser portal is fixed in relation to the 12 o'clock position of the glenoid articular surface, and therefore insertion of suture anchors in the optimum position for most scapulae is unfeasible.
There were limitations to this study. Dry cadaveric specimens were used. The Neviaser portal was approximated as a reference point at the most posterior part of the clavicular articular facet on the acromion. This bony reference point is slightly anterior and lateral to the site where instruments are passed through the Neviaser portal in reality. Depending on the diameter of the instrument, the use of a cannula, and the exact placement of the instruments, angle α may be smaller and angle β greater in reality. For example, if a 5.5-mm diameter cannula was placed with its external diameter within 0.5 mm of the most posterior part of the clavicular articular facet on the acromion, the centre of the anchor would be approximately 3 mm posterior and 3 mm medial to the approximated Neviaser portal (reference point R). The true Neviaser portal would be approximately 10º further medial and 10º further posterior. In our study, the reference point in most scapulae was too posterior for satisfactory anchor fixation. The true Neviaser portal is likely to be even further posterior in vivo.
conclusion
Reliable insertion of suture anchors at the 12 o'clock position of the glenoid labrum through the Neviaser portal is unfeasible in most patients.
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